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Abstract. The main aim of our study was to analyze the effects of a virtual en-
vironment on social conformity, with particular attention to the effects of dif-
ferent types of task and psychological variables on social influence, on one side, 
and to the neural correlates related to conformity, measured by means of an 
Emotiv EPOC device on the other. For our purpose, we replicated the famous 
Asch’s visual task and created two new tasks of increasing ambiguity, assessed 
through the calculation of the item’s entropy. We also administered five scales 
in order to assess different psychological traits. From the experiment, conducted 
on 181 university students, emerged that conformity grows according to the 
ambiguity of the task, but normative influence is significantly weaker in virtual 
environments, if compared to face-to-face experiments. The analyzed psycho-
logical traits, however, result not to be relatable to conformity, and they only af-
fect the subjects’ response times. From the ERP (Event-related potentials) anal-
ysis, we detected N200 and P300 components comparing the plots of conform-
ist and non-conformist subjects, alongside with the detection of their Late Posi-
tive Potential, Readiness Potential, and Error-Related Negativity, which appear 
consistently different for the two typologies. 
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1 Introduction 
Conformity has been widely analyzed by social psychology starting from the pioneer-
istic works of Sherif and Asch [1]. 
These experiments showed to what extent majority pressure can be powerful, even 
when the majority is giving a clearly incorrect answer. 
However, from an evolutionary point of view, these results are not shocking, since 
conformity turns out to be an adaptive behavior that presents many benefits concern-
ing human beings’ fitness, reproduction and survival [2]. 
Recent cultural studies on conformity, analyzed its connection with protection and 
showed how the inhabitants of areas that historically had higher prevalence of disease 
tend to be more conformist, and this outcome is explained by the fact that conformity 
is a strong protective factor against the risk of contracting illness [3]. 
Among the different benefits, conformity can work as a protective shield against 
threats linked to group exclusion: infact human beings developed heuristics and neu-
rally evolved with the ability to select similar individuals to bond with and to distin-
guish in-group members from out-group members. From this point of view, conform-
ist behaviors like mimicry can be helpful in creating group membership [4]. 
The context plays a crucial role in fostering this type of behavior but the majority of 
the studies on conformity focused on face-to-face interaction. 
However, considering the widespread of social networks and computer-mediated 
communication nowadays, it is necessary to shed light on how social influence works 
in a context characterized by anonymity. 
Contrasting theoretical frameworks focused on the effects of anonymity on human 
interaction: on one side anonymity seems to be able to give individuals a feeling of 
protection that leads them to feel more free to speak their minds [5], but on the other 
side, the Social Identity Model of Deindividuation Effects (SIDE) perspective shows 
how anonymity can lead to deindividuation, and this factor, making less salient indi-
vidual traits, can lead to a stronger tendency to conform to social norms [6]. 
From the very few studies on conformity in virtual environments emerged that social 
influence can occur also in virtual environments but with some differences according 
to the type of influence elicited. 
A replication of Asch’s experiment, showed no conformity in anonymous condition 
[7]. Asch’s task, which consisted in confronting a reference bar with three options of 
different lengths, among which was present only one twin bar, is an example of nor-
mative influence, namely the tendency to conform in order not to appear as an outsid-
er when confronting a group [8]. Asch’s experimental organization consisted in a 
group of seven people among which only the person in sixth answer position was the 
experimental subject. In some trials, the majority was asked to provide unanimously 
the same incorrect answer, and the tendency to conform of the experimental subject 
was analyzed. Averagely, 32% of the experimental subjects conformed to the majority 
[1]. In this case, since the task’s ambiguity was low and detecting the correct answer 
was pretty easy, the reason that brought the subjects to conform is relatable to in-
group dynamics, social norms and the desire not to break them [8]. 
The existing neurophysiological literature deepens the construct of normative influ-
ence, showing how Event-Related Potentials (ERP, measurable brain responses result-
ing from a specific cognitive, sensory or motor event) components such as N200 (that 
is a negativity associated with a variation in form or context of a predominant stimu-
lus, typically evoked between 180 and 325 ms following the presentation of a particu-
lar visual or auditory stimulus) and P300 (which is a positivity typically emerging 
approximately between 300 and 400 ms following the stimulus presentation, and per-
haps the most-studied ERP component in research concerning selective attention and 
information processing) respectively indicate the internal conflict experienced by the 
subject and the activation of inhibitory response mechanisms [9], as well as the 
awareness of the conformity of the response [10] [11].  
Other experiments that used more ambiguous or difficult tasks, showed how informa-
tional influence, namely the tendency to conform when the subjects have lacking 
information on the task and for this reason reckon the group a reliable source, can 
occur also in virtual environments [12].  
In this case, group dynamics are less relevant, since the goal is to give a correct an-
swer [8]. 
The aim of the present study was to analyze how normative and informational influ-
ence could be affected by a virtual context, so the effect given by the type of task was 
taken into account. Besides replicating Asch’s visual task, we created two more tasks 
whose items presented different levels of ambiguity, assessed with the measurement 
of the item’s entropy. 
The cultural items consisted in a target work associated with three adjectives with 
different levels of semantic relation with the target word, while the apperceptive items 
consisted in invented words associated with existing adjectives and vice-versa. 
The experiment was also conducted in different conditions, the first one concerning 
different levels of anonymity, in order to see if a higher exposure could have an effect 
on conformity, and the second one making the subjects perform the experiment alone 
or with the physical presence of other subjects in the same room. 
For our purpose, we created a virtual interface that simulated the responses of six non-
existing people, with the experimental subject placed always in the sixth response 
position, in order to be able to see the responses of a majority of five subjects, inside a 
group of seven people. 
Besides these variables, we also controlled the interaction with personality traits, in 
order to analyze whether it is possible to predict conformity from certain psychologi-
cal features. 
We performed the same experiment on subjects wearing an Emotiv EPOC device, a 
wireless EEG-based headset that enables the detection of electrical brain signals on 
the scalp’s surface, in order to record and analyze the ERP components. 
The ERP experiment focused on the differences between conformist and non-
conformist subjects’ cerebral activity within all the tasks. 
Besides analyzing N200 and P300, ERP components such as LPP (Late Positive Po-
tential), RP (Readiness Potential) and ERN (Error-Related Negativity) were reckoned 
to be potentially interesting for the phenomenon taken into consideration, because 
they respectively indicate emotional regulation [13], premotor planning of voluntary 
movement [14] and error awareness [15]. 
2 Participants 
For our study we recruited 181 universitary students: 120 participated to the standard 
experiment and 60 participated to the ERP version of the study. 
For the experimental typologies, we balanced them for the full and partial anonymity 
conditions and the group and single condition. 
The only unbalanced condition is gender, with 139 females and 42 males, but in the 
data analysis phase, the factor has been controlled. The recruitment took place 
through voluntary census and the majority (80%) came from the School of Psycholo-
gy of the University of Florence. 
3 Method and procedure 
To control the possible effect of psychological variables on conformity, the first ex-
perimental phase consisted in a preliminary survey composed of a battery of self-
reported socio-demographic and psychological questionnaires and scales. After this 
phase, the subjects performed the experiment on a software that re-created a group 
condition. Finally they were asked to fill a questionnaire investigating their experi-
ence within the group. 
 
Materials.  The  preliminary survey was composed by two sections. The first section 
consisted in socio-demographic items concerning age, gender, type of studies attend-
ed, educational level, marital status, presence of children and religious orientation. 
The second section consisted in a series of scales investigating psychological traits 
and status, in particular the scales administered were: 
• The Fast Five Personality Questionnaire [16] 
• The State-Trait Anxiety Inventory for Adults [17] 
• The Multidimensional Sense of Community Scale [18] 
• The Rosenberg’s Self-Esteem Scale [19] 
• The General Self-Efficacy Scale [20] 
 
Software. To perform the experiment we created a software designed on Google 
Script, the functioning of which is similar to Crutchfield’s [21] apparatus. Before 
starting, the experimental subjects were informed that six other subjects were about to 
log in and participate with them. After reading the instructions, they could log-in. The 
interface was organized in order to simulate the responses of six non-existing people, 
with randomized log-in and response times. The interface provided also the possibil-
ity to manipulate anonymity and to collect the subjects’ response times.  
On the left was placed a series of dots, vertically numbered from 1 to 7, associated 
with each group member: in the fully anonymous condition, the subjects could only 
see the numbers associated with the response order, while in the partially anonymous 
condition, they could see names and surnames.  The experimental subjects were al-
ways placed in the sixth position, so that they could see the answers provided by five 
fake subjects before: when a subject answered, a number indicating their choice ap-
peared beside their number or name, and when it was the experimental subject’s turn, 
the stimulus appeared as long as three buttons (numbered 1, 2 and 3) in correspond-
ence of the three alternatives. The first task was Asch’s adaptation, with twenty items, 
the second the cultural and the third the apperceptive, each composed by forty-five 
items. 
This second phase took averagely forty-five minutes to be completed.  
 
Setting. The experiment was presented as a study on visual and semantic perception.	
We collected the contacts and scheduled the appointments with the subjects via e-mail 
or text message, making sure that they fit the non-psychological disease condition. 
The subjects were then randomly assigned to the experimental conditions. 	
The group-condition experiments took place in the computer science laboratory, with 
groups of six, seven or eight people.	
They were equipped with headphones playing white noise and each workstation had a 
barrier isolating each subject.	
The single-condition and ERP experiments took place in the social psychology labo-
ratory, where the subjects performed the expriment alone with the presence of maxi-
mum three experimenters. Each experiment lasted approximately an hour and twenty 
minutes. 
 
Data analysis 
 
The first step consisted in a pre-processing of the data, in which we verified the ne-
cessary pre-conditions for the inferential analysis. 
For the t-Student analysis, we balanced the experimental conditions for each sub-
group, made sure to have the necessary minimum numerosity, and verified a proper 
gaussian distribution for the dependent variables. Where necessary, we proceeded 
with a re-normalization of the dependent variables by means of a logarithmic func-
tion. 
In order to calculate the entropy of each item in cultural and apperceptive tasks, we 
presented the items to two samples of people (71 subjects for the cultural and 79 for 
the apperceptive) without manipulation, collected their responses, and calculated the 
frequencies and percentages of the answers to each item. 
On the basis of the percentages we calculated the entropy for each item “i” using the 
equation 1, with 𝑝"# = ( 𝑟'#) 𝑛*'+, , “n” equal to the number of respondents, and “𝑟'#” 
reporting the answer of the subject “i” to the item “k” (i.e., that can be “0” or “1”). 
 
              𝐸# = −/"+, 𝑝"#𝑙𝑜𝑔𝑝"#                                               (1) 
 
When we collected all the entropies, we calculated the median for cultural and apper-
ceptive tasks and according to that, we divided the items in high and low entropy. In 
order to assess the effect of entropy on the decision making we balanced the distribu-
tion of the entropy within the set of experimental stimuli. 
We adopted a t-Student test for independent samples to analyze the relations between 
conformity, delay and type of anonymity. 
To analyze the relations between type of task, conformity, delay and entropy, we 
proceeded with a 𝜒4 test. To analyze the psychological and socio-demographic va-
riables effects we conducted a r Pearson’s correlations and again a 𝜒4 analysis. 
ERP data were properly filtered using Matlab in order to be analyzed and then t-
Student tests were adopted. 
 
4 Results 
Starting from the anonymity effect, below are presented the significant values. The 
affected variables are the general delay and the delay in conformist answers in Asch’s 
task, the general delay in the cultural task and conformity in the cultural task (Table 
1). 
Table 1. Anonymity effect on conformity and delay. *= p < .05 
Condition Anonymity Mean St. Dev. t 
General delay 
(Asch) 
No Anonymity 12438.60 41050.13 1.98* Anonymity 3781.48 1207.95 
Conformity-related delay 
(Asch) 
No Anonymity 10576.88 30842.82 2.03* Anonymity 3911.59 1191.88 
General delay (Cultural) No Anonymity 6500.87 3441.42 2.04* Anonymity 5649.43 1909.53 
Conformity 
(Apperceptive) 
No Anonymity 0.27 0.14 -1.99* Anonymity 0.33 0.21 
 
For what concerns the type of task, significant relations appeared between all the 
investigated factors, which are conformity, entropy and delay (Table 2, Table 3) 
Table 2.  Type of task effect on conformity and delay. ***= p < .001; 1=4805ms 
  
             Task  
Apperceptive 
 𝜒4 Asch Cultural 
Conformity No 98.6% 84.8% 70.2% 954.64*** yes 1.4% 15.2% 29.8% 
Delay < median
1 59.8% 60.2% 56.9% 19.15*** > median1 40.2% 39.8% 43.1% 
Table 3. Entropy effect on conformity and delay. ***= p < .001; 1=0.427; 2=4805ms 
 
Entropy 𝜒4 < median1 > median1 
Conformity No 92.6% 69.6% 1065.396*** Yes 7.4% 30.4% 
Conformity delay < median
2 60.5% 55.9% 25.272*** > median2 39.5% 44.1% 
 
The correlations between conformity, delay and psychological traits did not provide 
significant results, only state and trait anxiety have an impact on the delays in the 
cultural task’s responses. For what concerns the socio-demographic variables, no 
gender differences in conformist behavior appeared. 
 
The ERP plots obtained by using Emotiv EPOC were divided according to two specif-
ic times of the test, namely considering two trigger-moments. In the patterns relating 
to the stimulus administration presented below, emerged how typical ERP compo-
nents such as N200, P300 and LPP (Late Positive Potential) are significantly higher 
for the conformist subjects (Figure 1). 
 
 
Fig. 1.  Grand-averages of conformist and non-conformist plots elicited by stimulus administra-
tion.  Left hemisphere electrodes (no occipital): E1, E2, E3, E4, E5. Y-axis reports the cerebral 
activation in microvolts, while x-axis reports the time in milliseconds from the stimulus admin-
istration. Blue line stands for conformist subjects, red line for non-conformist subjects. N200 
indicates a negativity typically evoked 180 to 325 ms following the presentation of a stimulus 
(i.e. mismatch detection), P300 is a positivity that peaks approximately 300 - 400 ms post-
stimulus (i.e. selective attention),  finally LPP begins around 400 ms after the onset of a stimu-
lus and lasts for a few hundred milliseconds (i.e. emotional activity). 
 
Table 4. Observable components’ means, standard deviations and t-Students of conformist and 
non-conformist plots relative to the time of stimulus administration. ***= p < .001 
 
Observable Condition Mean St. Dev. t 
N200 Conformist -4,06 5,18 38,80*** Non-conformist -2,10 5,17 
P300 
Conformist 5,29 5,17 
19,74*** Non-conformist 2,94 5,18 
LPP Conformist 0,64 5,18 -15,95*** 
Non-conformist 2,97 5,19 
Conversely, in the plots related to the click time, which represented the final decision 
made by the subject, it clearly emerges how components such as RP (Readiness Po-
tential) and ERN (Error-Related Negativity) are significantly higher for the non-
conformist subjects (Figure 2). 
 
 
Fig. 2. Grand-averages of conformist and non-conformist plots following the click’s time. 
Frontal electrodes: E1, E3, E12, E14. RP peaks around 250 – 0 ms before the time of move-
ment execution (i.e. voluntary movement planning), and ERN is a negativity beginning around 
the first 50 – 100 ms after the click (i.e. error awareness). 
Table 5. Observable components’ means, standard deviations and t Students of conformist and 
non-conformist plots relative to the time of the click, ***= p < .001. 
 
Observable Condition Mean St. Dev. t 
RP 
Conformist 0,97 5,19 
31,54*** Non-conformist -5,08 5,52 
ERN Conformist -6,42 5,23 -36,14*** Non-conformist 1,38 5,53 
 
5 Discussion 
This research, aimed at highlighting the differences that may be elicited by a virtual 
environment in social phenomena, specifically conformity and its interaction with 
other factors.  
At first, we obtained different percentages of conformity according to the type of task: 
in Asch’s task, only 1.4% of the subjects conformed when the majority gave an unan-
imous incorrect answer, while the percentages grow in the cultural (15.2%) and in the 
apperceptive (29.8%). These preliminary results suggest that Asch’s paradigm chang-
es in a virtual, anonymous environment, and that normative influence might be less 
effective due to the characteristics of the setting and social norms might take longer to 
become effective. 
The percentages emerged in the cultural and apperceptive tasks, however, showed a 
growth of conformity with more ambiguous items. 
Furthermore, the 𝜒4analysis showed a strong connection between conformity and 
entropy, suggesting that the higher is the entropy, the higher is the tendency to con-
form, inducing informational influence. 
Another interesting factor consisted in the relationship between delay, conformity and 
type of task provided by the 𝜒4analysis. The results showed how the delay in the re-
sponses tended to be generally longer when the subjects conformed to the majority’s 
opinion, and also that the delay increased in the cultural and apperceptive tasks, so 
when the ambiguity of the stimulus was higher. 
For what concerns anonymity, the only significant result on the effect of the type of 
anonymity on conformity appeared in the apperceptive task, while the other results 
showed an effect on the different types of delay in relationship with the task. The 
single and group conditions presented no significant differences. 
For what concerns the psychological and socio-demographic factors, the correlations 
appeared to be weak. 
Finally, we confirmed the existing ERP literature investigating N200 and P300, add-
ing other potentially interesting components (LPP, RP, ERN): N200 indicated the 
incongruence between subjects’ answer and group answer, P300 the behavior adjust-
ment, LPP the consequential emotional regulation, and all of them resulted more pro-
nounced in the conformist subjects. RP probably indicates the premotor click plan-
ning, ERN the awareness of the error committed, and these components are more 
evident in the case of the non-conformist subjects. Thanks to such identifications, we 
have been able to differentiate the conformist events from the nonconformist ones in 
the electroencephalographic patterns. The ERP analysis, for now, considered only the 
differences between conformists and non-conformists, further analysis will focus on 
the ERP components related to entropy and type of task. 
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